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v#k pik
rst¥iv#r¥itk
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oqpx9tik trsxZek¥itkrsx9k pk tsu¡rskurwjn¥i°y¥iwp'§giwyv}g!x9pi°ª«j.x>rswyx9pv ¥k \u>tk@itk#k pdr
§wyrgix9¥rnu`pd« ` k j.u`pdrwvWx`©@rsgikWv k pkaW§kbk $Bk twjWk#pIrnjWx`rswyx9p wypIrk 9tu>rswyx9pY¥iwypi
wyj.°k'rwjn¥i°¥Z§wªrsg%ix`rZu>rrsk#tpi?1k k Aû  dDG©ºx9tu!iwyv#¥iwx9p@³btx9j u½v x9jWi¥rsu>rswyx9pu>°Bx9wpdrx>©Ã¯Pwyk#§~¥iwypi¼i¥ipv#rs¥iu`°itwjWwªrswª¯9k#%¥iv}g u`` ix`r¶wy¦u`°yx­j.u`piu>rx9t« wyp6x9tik tWrsgkztkrswypu`°jWx`rswyx9p Á k °y6rsxYBkzx9ik t¯`u>i°k>³
¦tk#¯3wyk#§k  wp ACD©ºx9tbwypir}u`piv#k`~rsgkzjWx`rswyx9p Á k °yÆwy¦wypÆ9k pk tsu>°pix>r¦k#pIrwtk °ª«
ek#tv k#wy¯`k  ?;u`Bk trs¥itkitx`i°k#j @n§wyrg ` rst¥ika¦wj.u``k !v x`pIrsu`wypiwpYk#i9k#!k"$Pv k#rbu>r
v x9tpik t ³ 'uv x`pik3¥k piv#k`~jWx9r'x`©¶rsgikWv x`j.¥rsk#t'jWx`rwx`pYBk tv k#rswyx9pYj.x3i¥i°yk
guM¯9krsgikrst¥iv#r¥itkgxÛ§p¿wp bwyi³ ~¶ik#rk v#rwp²u`p¼rtsu`v}ÅIwypi ©ºkMu>r¥itk#!¥iv}g6u`
v x9tpik twp%u`pwyjbu>9k`³o-Zk tk§k'u`°yx!vMu>p%`k#rtwyx`©"rsgwitx9i°yk j®Bk v u`¥ik§k Á tr
k rwj.u>rkuu`tu`jWk#rsk#twyk# tk#rwpu>° Á k#° ?1gk tkk#wyrgik tWubpkKx9t I¥u`tsu>rwv6@n¥iwypi
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tx9i¥ru`pipI¥ijWk#twyvMu`°y°y«nrsu`i°yk¸k#rswyj.u>rswyx9pjWkrsgix3i(§gwv}gv#x9¥i°ykMu>wy°y«'v x`jiwypik 
u`trw u>°x9ik t¯>u>rwx`p x`©'rsgkYtk#rwpu>° Á k °y·³ b¥itrgik tj.x`tk`~j.x>rswyx9p k 9jWk#pIrsu>rswyx9p?1k`³´i³ A  DÐ@.x`©w!ek tk pdrtwy9wyÆx9Pk#v#rsv#x9¥i°y ekµwpdrk 9tu>rsk# u>r¦rgiw¦r}u>9k`³Âfgiwy
wpdrsk#tjWk w u>rkbrsk#­wyÃrsgI¥iÃ¯9k#t« ¥ik#©º¥i°Bk#©ºx9tkWv x9jWi¥rwpµrst¥v#rs¥tk.u`piYjWx`rswyx9p
u`tsu>j.krsk#t ³fgktkMu`ik#tj.uM«Wtk©ºk t¶rsx Aól`D ©ºx9t@u`p.wjWi°yk jWk pdrsu>rswyx9pKx`©·u'v#x9jWi¥rk t
j.x>rswyx9pek#tv k#rswyx9pµj.x3i¥i°ykwprsgk'¥pP{qv u`°wyitu>rsk#µv u`k>³
Corner
detectionImage
location
Corner
matchingCorners Matches
Retinal field
Field
parameters
Scene/Camera
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Motion
& Structure
computationidentification
Camera
bwy9¥itk!u¶oqj.°k#j.k#pdrswypi¦x9¥tZjWx3ik °"u>u.v#x9jWi¥rsk#tj.x>rswyx9pµBk tv k#rswyx9p%j.x3i¥i°yk`³
 ZwypiKk#wyrgik tj.u`°y°(x9tZ°u`t9k Á k#°rswyj¥i°ywwyu>pzwyj.Bx9tr}u`pdrwy¥ik`~¹u`u>pu`°ª«Pk 
©ºx9tÃwpr}u>piv kWwypKA©fD;³-k#tk!§¸k.guM¯9kWk k pYrsgu¡rwpYex>rsg vMu`k Ãrsgk.tk v#xÛ¯`k t«­x>©@rgik
rst¥iv#r¥itkbu`piYjWx`rswyx9p u`tu`jWk#rk tnu`tk.j.u`wypi°ª«Bk t©ºx`tjWk Y¥iwypi%rsgik.u.pikWu`tr
x`©rsgiknu`tu`jWk#rsk#twyk#Ytk#rwpu>° Á k#°¹~·xKrgu>r§kix¦pix`rk $Pek#v#rj.u¡x9tiw!ek tk piv#k 
I«K¥iwypibu.jbu>°°Gx9t°u`t9kÃrwjn¥i° u¡rswyx9p Á k#°¹³
p%rsgik'v x9pdrtsu`t«zu.j¥iv}gzj.x`tkwyjWex`tr}u>pIrwy¥kwyrsgk'©1u`vr§kj.uM«%itx`ex9k
rsxzrgikK¥ik tk#wyrgik t!u;!$  	'rswyj¥°¥i!x`tu`p $>	'rwjn¥i°u>rswyx9p·~§giwyv}gÀ§w°y°¸Bk
wpd¯9k#rwdu¡rsk µwpµu©º¥rs¥tkr¥i«9³
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k t¯9k#d«Krsgik'¥P{
k v#r\wpWujWx9pix3v ¥° u`t\u`piWu`v}gitx9j.u>rswyvwªrs¥iu>rswyx9p©ºx9tuiw¥tpu`°°wy9gdrswypii³(fgikx9Pk#v#r
wubi°u`pikntk tk k pdrsk# I«µtsu>piix9jÄix>rsx>©v x9pr}u>pIrik pwªrq«wypzrsgiknwj.u``k`~BkMu`v}g
ix`rguM¯3wypi6u½tu`piix`j i¥itu>rswyx9p x`©'°ywy©ºk>³ fgik rwjn¥i°y¥iw9k#pik tu>rsk# u¡r 9¡{(f9
©ºtsu`jWk  >k#v x9pix9p¦u C 9` $CÛ`9Ãiw $Pk °yv#tk k#px`©·9 $l9`v j¨wyr¥u>rk uCjWk#rk t¸wyp
©ºtx9pdr\x>©Brgik¥iPk vrM~drsgI¥ix !¹k#twypiÃu Á k#°Wx`©¯3wyk#§¿x`©Bu`Bx9¥r@`ik 9tk k>³ Ï u`9pwyr¥iik
x`©rsgik¸j.x>rswyx9pi\v#x9ttk Bx9pi¶rxiw $Pk °yiwi°u`v k#j.k#pdrs@x`©Bu©ºtsu`vrswyx9px`©Biw $Pk ° ¡©ºtsu>j.k>³
tk °ywjWwypu`t«ntk#¥i°ªrs#~9x9rsu`wypik nx9p  ¯9x9°y¥ipdr}u`t«'¥iPk#v#ru`tk@9wª¯9k#p·~9wypSbwyi³P~ÛrsxbwCC9³°yrgix9¥i9g!v u`tk©º¥i°y°y«tkMu>°w k#bd«!u«`x9¥ipiek#v wu`°wyr@x`©B¥iv}gb«3v}gix>{¾j.krstwv
k"$Pek#twyjWk pdrs#~ersgk k'tk#¥i°ªrsu`tkÃrxbBk'rsu`Å`k#pµ§wªrsgµvMu`tk`~DjWx9tk'u`u`p%wpd¯3wyrsu>rswyx9p%rsx
tkMu>°w k#zu!©º¥i°y°·krx`©(k"$PBk twjWk pdrwyprgiwyiwytk#v#rwx9p¹~irsgu`pµu`u Á pu`°¹tk ¥i°ªrM³
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bwy9¥itk7u  $PBk twyjWk pdr}u>°"©ºx`trsgikCMr¥iPk#v#rM~Dk krsk"$3r ³
bwy9¥itkf7u '$PBk twjWk pdrsu`°G©ºx9trsgikn>pµ¥iPk vrM~Dk#k'rk"$3rM³
oqprgiwyk#r¶x>©Dk"$Pek#twyjWk pdrs#~  v#x9piiwªrswyx9piguM¯`kek#k p!rsk#rsk#Wv x9jniwpwpiÃ©ºx9t§u>t
rstsu>pi°u>rswyx9pµu`pi+ x3x9j®¯>u`tw u>rwx`pi ~Dw1³ók>³@rgiklWv x`piiwªrswyx9piZik v twyBk wyp8b(wi³  !i°y¥i
!v#x9pdrstx9°Gv x9piwyrwx`piEu
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b(w9¥tk'!u  $Pek#twyj.k#pdr}u`°G©ºx9trgik'l`t%¥i3k v#r ~Dk krsk $3rM³
bwy9¥itkCQ!u  $Pek#twyjWk pdr}u`°"©ºx9trgik`rsg¥Pk vrM~Dk#k'rk"$3rM³
Ð~C r$  WP©   P wyj.°krstu`pi°u>rwx9p%wyp
Ð r$  WP©    x3x9j®wyp%rgikÃrstu`pi°u>rwx9p%iwytk#v#rswyx9p%wZu`ik 
Ðl r$  WP©    x3x9j u`9u`wprrsgikÃrtsu`pi° u¡rswyx9pµwtk v#rwx`pµwyZu`iik#
Ð¸ r$ÇWP©    x3x9j®wyu>iik %i¥rZ°u>rsk#tsu`°erstsu>pi°u>rswyx9p%itxQ¯3wyik u`pix`rgik tv#¥ik
Ð   r$ÇWP©    x3x9j®wyu>iik %i¥rZ°u>rsk#tsu`°erstsu>pi°u>rswyx9p%itxQ¯3wyik u`pix`rgik tv#¥ik
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bw`¥itkCgCu  $Pek#twyjWk pdr}u`°D©ºx9trgik  ¡rsgW¥iPk vr?ºpix`r¶r}u>Å`k p.wypIrx'u`v v#x9¥ipdr@|~Pk krsk $Pr ³
§wªrsg!w!ek tk pdr¶wy9piu>\j.u`ikk $°wyv wªr¶wpnrsgik Á 9¥itk# ³)¶u`v}g!v#x9piiwªrswyx9p!gu>\ek#k p
itk#k pdrk  tsu`pix9jW°y«²itk#k pdrk  CMzrswyj.k#Wu`pi¼u>riw!ek tk pdr.i°u`pik°u`pdr.u`pi`°k#Ou
  X +  !] + " 7] !] " 7] " ik#9tk#k  ³
¶u`v}g ¥Pk vr¦gu>!ek#k p¿u`Å>k ¿rx Á $½rgikv tk k#p6v k#pdrstk%u`p¼rx jbu>piw¥i° u¡rsk
u²j.u`°y°°ywpk{qk 9jWk#pIrrxÀekµx9twyk pdrk  wp¿rsgikwtk v#rwx`p x>©ÃrsgikBk tv k#wy¯`k  i°u`pik
pix9tj.u`°1³fgiknu`>¥irsjWk pdrk ttx9twyj.k u`¥tk zu`pi%tk#ex9trsk#·³
   . Ê 1 Í    É  É .¬Û Ð¸°k u`t°ª«9~"rsgk k.tk#¥i°ªrsnu`tk.tu>rsgk tÃtsu>piix9ju>piY§k
vMu`p%pix`rwyp©ºk tjn¥iv}gµ©ºtx9j rgik j³
¤ kguM¯`kgixQ§¸k¯9k#t@Bk k#pWu`i°yk¸rsxk rsu`i°ywg.u©ºk#§¼r}u>rwrswyvMu`°itk ¥i°yr ~Iu>©¬rk t(k"$Pv °y¥P{
wyx9pKx`©Grgik  ¡rgK¥i3k v#r ~§giwyv}ggu`¸tk Bx9trk pix>rBk wypi!u`i°ykrxek#t©ºx9tj¨rsgikZr}u`Å
u`piz§giwyv}gtk#¥i°ªrsu`tknpix`rwypv#x9gik tk piv#k§wyrgzrsgkx`rsgk t#³ ¤ kgixQ§k#¯`k tÃitxPi¥v k
rsgikv x`ttk#Bx9piiwypi.u>rsu!©ºx`tv x9jWi°yk#rk pik# ³b(wtr.x`©Ãu>°°1~¸k#ttx`tW©ºx9t!©ºtx9pdrsx¡{qu`tu`°y°k#°i°u`pik ¦u`tkjn¥iv}gÆjWx9tkk#ttsu¡rswyv%rgu`p
x`rsgik#t#³  P r¥iik pdr'rsk#r'x9p­u`¥ijWwpi%rsgu¡r ?   @rsgk.k#ttx9tÃ©ºx9tuK©ºtx9pdrsx¡{qu`tu`°y°k#°i° u>pikwypix`rkI¥u`°rsx¦rgikx`rgik tk ttx9tww`piw Á vMu`pdrÃ§wªrsg u¦itx9u`w°ywyrq«µx`© 5 X
		³ fgiwjWk u`piKrsgiu>rM~ZwpÆrgiwy¥iPk#v#r ~Ãu>rrsk#j.PrKrsx ` Á pi u½°u`pdr%as~w1³´k`³ rsx
xÛ¯`k të{qk rswyj.u>rskrsgiki°u`pik° u`pdr ³
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p¼rsgikx`rgik tWgu>pi·~§k%guM¯9k%pix`rswyv k# rgu>r.tk#¥i°ªrbu`tk%u`«3j.jWkrstwyvµ©ºx`trq§¸x
¥iPk#v#r ~iu©ºxPv u`°°yk pi`rg¦wypiv tkMu`k?º©  @r?1w1³´k`³\wypbrgikk pikx`©·u rtsu`p°u>rswyx9p¦wyp
rsgik¶©ºtx9pdr(iwytk vrswyx9p\@"wpi¥iv kuZgiwy9gik tiwu`2?¬§gik p° u>rk tu`°drstsu>pi°u>rswyx9pnw(pix`r(itk#k pdr
rsx.itk#k t¯9knwyr@rgu`pzu!©ºx3vMu>°G°k#pi`rsgµik v#tk u`k>³  P rs¥ik pdrrk rx9pµu`¥ijWwpbrsgiu>r?   @·rsgk¸u`x9°y¥rsk¶¯>u`°y¥ikwyiw!ek tk pdr\wypix`rkI¥u`°I©ºx9t"Bx`rsg'v x9piwyrwx`pi(wyw`piw Á vMu`pdr§wyrgzu!itx9u`iwy°ywyrq«x`©75QX 
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rgik¦v u`k¦wp¼Ð¸ u>pi¼Ð  g@|³
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j r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¥iPk#v#r ~iwªrwyv#°k u`t
rsgu>rurswyj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wy9piw Á vMu`pdrWiwu`;? P rs¥ik pdr
rsk rn§wªrsg²u%t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 rsgik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Ã§wªrsgrsgk wyt¯`u>twu>rswyx9piÃwypix`rwypiik|{
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wpu¡rswyx9pix`©rgik j u`tk
jWkMu`¥itsu`°k>~@k Bk piiwypi x9p²rgikk"$PBk twjWk pdrsu`°u`t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wypi²rgik kpik#§
u`tsu>j.krsk#t ~i©ºx`twpir}u`pv ku
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jWwypii~`§wªrsgugI¥i9k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tk 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`k t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r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ik#trk tjWu>tk`~Pu`t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gik tv x9pdrk"$3rd«AûC`~¤D;~
 ?1wywÐ@¦v#x9jWu`tk  §wªrsg jWx`rswyx9pi9k#pik t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t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gik t.k"$PBk twjWk pdrv x9¥i°y6gk °yÆ¥ipiik#t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r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